
J E u r o p a i s c h e s   

Pa tentamt  

European  Patent  Office  ©  Publication  number:  0  0 6 7   5 6 8  
Office  europeen  des  brevets  / \ 2  

©  EUROPEAN  PATENT  APPLICATION 

©  Application  number:  82302671.1  ©  Int.  CI.3:  H  01  B  17/54 
^   H  01  B  17/34 
(22)  Date  of  filing:  25.05.82 

©Priority:  26.05.81  NO  811769  ©Applicant:  International  Standard  Electric  Corporation 
320  Park  Avenue 
New  York  New  York  1  0022(US) 

(g)  Date  of  publication  of  application: 
22.12.82  Bulletin  82/51  ©  Inventor:  Rekdal,  Gunnar 

Nedre  Bjertnes  5B 
@  Designated  Contracting  States:  N-1482  Nittedal(NO) 

CH  FR  GB  IT  LI  SE 
©  Representative:  Ruffhead,  Philip  Geoffrey  et  al, 

ITT-UK  Patent  Department  Maidstone  Road  Foots  Cray 
Sidcup  DA14  5HT(GB) 

©  High  voltage  insulator. 

(57)  A  high  voltage  insulator  (5)  is  designed  to  give  an  even 
electric  field  distribution  over  the  insulator.  To  this  end  there 
are  arranged  high  resistive  paths  (7,  25)  within  the  insulating 
body  (6,  22).  These  resistive  paths  are  connected  to  the 
conductors  which  are  to  be  insulated.  To  remove  heat 
generated  in  the  high-resistive  paths  from  the  insulator,  the 
insulating  body  (6,  22)  and/or  the  resistive  path  (7,  25) 
material  is  a  fluid  (liquid  or  gas).  Preferably  both  the 
insulating  body  and  the  high  resistive  paths  consist  of 
liquids,  and  the  liquid  in  the  resistive  path  is  preferably  pure, 
de-ionized  water  which  circulates,  through  an  external 
pumping-,  cooling-,  and  de-ionizing  unit  (50).  The  insulator 
according  to  this  invention  is  particularly  applicable  for  test 

N  terminations  when  testing  high  voltage  cables  (20)  with  DC. 
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A   high  voltage  insulator  (5)  is  designed  to  give  an  even 
electric  field  distribution  over  the  insulator.  To  this  end  there 
are  arranged  high  resistive  paths  (7,  25)  within  the  insulating 
body  (6,  22).  These  resistive  paths  are  connected  to  the 
conductors  which  are  to  be  insulated.  To  remove  heat 
generated  in  the  high-resistive  paths  from  the  insulator,  the 
insulating  body  (6,  22)  and/or  the  resistive  path  (7,  25) 
material  is  a  fluid  (liquid  or  gas).  Preferably  both  the 
insulating  body  and  the  high  resistive  paths  consist  of 
liquids,  and  the  liquid  in  the  resistive  path  is  preferably  pure, 
de-ionized  water  which  circulates,  through  an  external 
pumping-,  cooling-,  and  de-ionizing  unit  (50).  The  insulator 
according  to  this  invention  is  particularly  applicable  for  test 
terminations  when  testing  high  voltage  cables  (20)  with  DC. 



T h i s   i n v e n t i o n   r e l a t e s   to   a  h i g h   v o l t a g e   i n s u l a t o r  

d e s i g n e d   to  o b t a i n   an  even   d i s t r i b u t i o n   of  t h e   e l e c t r i c a l  

f i e l d   b e t w e e n   a t   l e a s t   two  c o n d u c t o r s   w i t h   d i f f e r e n t  

e l e c t r i c a l   p o t e n t i a l s ,   and  in   p a r t i c u l a r   to  a  h i g h  

v o l t a g e   i n s u l a t o r   d e s i g n e d   to  be  u s e d   as  a  t e s t   t e r m i n a -  

t i o n   e q u i p m e n t   f o r   a  h i g h   v o l t a g e   power   c a b l e .  

The  v e r y   f i r s t   a p p r o a c h   when  two  c o n d u c t i n g  

e l e m e n t s   h a v i n g   d i f f e r e n t   e l e c t r i c a l   p o t e n t i a l s   a r e   t o  

be  m u t u a l l y   i n s u l a t e d ,   i s   s i m p l y   to   a r r a n g e   an  i n s u l a t o r  

t h e r e b e t w e e n .   The  m a t e r i a l   in   t h i s   i n s u l a t o r   s h o u l d  

h a v e   as  p e r f e c t   i n s u l a t i n g   p r o p e r t i e s   as  p o s s i b l e .  

For   h i g h   p o t e n t i a l   d i f f e r e n c e s   ( say   more  t h a n  

100  kV)  or   h i g h   v o l t a g e s ,   t h i s   f i r s t   a p p r o a c h   w i l l ,  

h o w e v e r ,   i n t r o d u c e   new  p r o b l e m s ,   more  of  p r a c t i c a l  

t h a n   of  a  t h e o r e t i c a l   n a t u r e .  

A l l   i n s u l a t i n g   m a t e r i a l s ,   no  m a t t e r   how  w e l l  

p r e p a r e d   t h e y   a r e ,   h a v e   some  s m a l l ,   i n h e r e n t   i r r e g u l a r -  
i t i e s   or  i m p u r i t i e s   when  t h e i r   m i c r o s t r u c t u r e   i s  

c o n s i d e r e d .   At  a l l   s u c h   i r r e g u l a r i t i e s   t h e r e   w i l l ,  

when  a  s t r o n g   e l e c t r i c a l   f i e l d   i s   a p p l i e d ,   d e v e l o p  

c o r r e s p o n d i n g   i r r e g u l a r i t i e s   in  t h e   e l e c t r i c a l   f i e l d .  

T h e r e f o r e ,   l o c a l   f i e l d   s t r e n g t h   maxima  w i l l   o c c u r   a n d  

a  b r e a k - d o w n   p r o c e s s   w i l l   s t a r t   and  d e v e l o p . . i f   t h e  

l o c a l   p e a k   v a l u e s   of  t h e   f i e l d   s t r e n g t h   e x c e e d   t h e  

l i m i t s   s e t   by  t h e   i n s u l a t i o n   m a t e r i a l .   As  a  m a t t e r  

of  f a c t   i r r e g u l a r i t i e s   in  t h e   s u r r o u n d i n g s   w i l l   a l s o  

c a u s e   s e v e r e   f i e l d   i n h o m o g e n t i e s   a t   h i g h   v o l t a g e s ,   a n d  

t h e   b e h a v i o u r   of  a  c l o s e   to  i d e a l   i n s u l a t o r   i s   t h e r e -  

f o r e   u n p r e d i c t a b l e .  



Due  to  s u c h   p r o b l e m s   i t   has   a l r e a d y   b e e n  

p r o p o s e d   to   i n s e r t   h i g h   r e s i s t a n c e   p a t h s   in   i n s u l a t o r s  

to  c o n t r o l   t h e   f i e l d   s t r e n g t h   a t   e a c h   p o i n t   a l o n g   t h e  

i n s u l a t o r .  

Such  a  s o l u t i o n   i s   e . g .   p r o p o s e d   in  B r i t i s h  

P a t e n t   No.  1 , 0 6 8 , 2 1 9 .   T h e r e   a  s e m i c o n d u c t i n g   t a p e   i s  

wound  a r o u n d   an  i n s u l a t o r   a t   i t s   s u r f a c e ,   p r i m a r i l y  

to  a v o i d   c o r r o s i o n   a t   t h e   s u r f a c e .  

I t   was  a l s o   p r e v i o u s l y   known  to  i n t r o d u c e  

s e m i c o n d u c t i n g   l a y e r s   a t   l o c a l   p l a c e s   to   r e d u c e  

e l e c t r i c a l   s t r e s s .   R e f e r e n c e   may  be  made  to   B r i t i s h  

P a t e n t   No.  1 , 3 7 1 , 0 0 6   and  N o r w e g i a n   P r i n t e d   A p p l i c a t i o n  

(NUS)  No.  1 4 4 , 0 0 3 .  

H o w e v e r ,   i f   s u c h   s e m i c o n d u c t i n g   l a y e r s   a r e  

s u b j e c t e d   to   c u r r e n t s   p a s s i n g   t h e r e t h r o u g h ,   t h e y   w i l l  

be  d a m a g e d   due  to   t h e   h e a t   g e n e r a t e d .   T h e r e f o r e ,  

t h e s e   s o l u t i o n s   a r e   o n l y   a p p r o p r i a t e   f o r   r e l a t i v e l y  

s m a l l   v o l t a g e s   or   t h e   s e m i c o n d u c t i n g   l a y e r s   do  n o t  

r e p r e s e n t   a  c u r r e n t   p a t h   a t   a l l ,   b u t   o n l y   a  s c r e e n .  

To  o b t a i n   a  good  i n s u l a t i o n   on  c a b l e   j o i n t s   o r  

c a b l e   t e r m i n a t i o n s   i t   i s   a l s o   known  to  u s e   h o u s i n g s  

f i l l e d   w i t h   an  i n s u l a t i n g   f l u i d .   In  t h i s   c o n n e c t i o n  

B r i t i s h   P a t e n t   No.  1 , 1 3 9 , 0 1 6   and  1 , 2 5 1 , 3 4 1   may  b e  

r e f e r r e d   t o .   In  a c c o r d a n c e   w i t h   t h e s e ,   h o w e v e r ,  

o r d i n a r y   s t r e s s   c o n e s   or  c a p a c i t o r   w i n d i n g s   a r e   u s e d  

to  d i s t r i b u t e   t h e   f i e l d .  

More  i n f o r m a t i o n   a b o u t   t h e s e   two  l a s t   m e n t i o n e d  

a p p r o a c h e s   may  be  o b t a i n e d   f rom  B r i t i s h   P a t e n t  

No.  1 , 2 7 7 , 7 9 2   and  US  P a t e n t   No.  3 , 3 1 2 , 7 7 4   r e s p e c t i v e l y .  

G e n e r a l l y   s p e a k i n g ,   a l l   t h e   e a r l i e r   m e t h o d s   f o r  

i n s u l a t i n g   e x t r e m e l y   h i g h   v o l t a g e s   ( e . g .   up  to  2  MV  DC 

v o l t a g e )   a r e   t i m e - c o n s u m i n g   and  r e q u i r e   s k i l l e d  

p e r s o n n e l   as  w e l l   as  much  a v a i l a b l e   s p a c e ,  

When  e . g .   a  h i g h   v o l t a g e   t e r m i n a l   has   to   b e  

b u i l t   up  a t   a  DC  power   c a b l e   end ,   t h e   f o l l o w i n g  



p r e c a u t i o n s   h a v e   to   be  t a k e n   in  t h e   c a s e   of  a  

c o n v e n t i o n a l   c o n d e n s e r   t a p e   t e r m i n a t i o n ,  

The  c a b l e   end  mus t   be  e x t r e m e l y   s t r a i g h t .   I t  

may  n o t   be  moved  a f t e r   t a p e   i s   a p p l i e d ,   as  t h i s   w o u l d  

r e s u l t   in  i n t e r n a l   t a p e   m o v e m e n t s   w h i c h   wou ld   m a k e  

t h e   t e r m i n a t i o n   i n f e r i o r .   T h e r e f o r e ,   t h e   c a b l e   e n d  

has   to  be  a r r a n g e d   a t   i t s   f i n a l   t e s t   p o s i t i o n   b e f o r e  

t h e   c o n d e n s e r   t a p e   i s   a p p l i e d   and  t h e   c a b l e   end  h a s  

a l s o   to  be  p o s i t i o n e d   e x a c t l y   a t   t h e   t e s t   l o c a t i o n .  

A  s c a f f o l d   mus t   be  b u i l t   up  a r o u n d   i t   and  t h e   c a b l e  

end  must   be  p r e p a r e d   by  d i s m a n t l i n g   and  s t r i p p i n g .  

Then  the   i n s u l a t o r   has   to  be  b u i l t   up  a r o u n d  t h e  

e x p o s e d   c a b l e   c o r e   and  t he   w o r k e r s   h a v e   to  s t a n d   o n  

t h e   s c a f f o l d   in   a w k w a r d   w o r k i n g   p o s i t i o n s .   To  p r e p a r e  

one  c a b l e   end  f o r   t e s t i n g   r e q u i r e s   a p p r o x i m a t e l y   2  m e n  

f o r   2  w e e k s .   D u r i n g   a l l   t h i s   t i m e   t h e   t e s t   p l a n t   i s  

o c c u p i e d   by  t h e   c a b l e .  

The  p r o b l e m s   may  d i f f e r   a c c o r d i n g   to  t h e   c a b l e  

t y p e s   w h i c h   a r e   to  be  t e s t e d ,   b u t   t h e   e x a m p l e   a b o v e  

is   r e a l i s t i c   when  a  power   DC  c a b l e   w i t h   o i l - i n s u l a t e d  

p a p e r   and  an  o u t e r   l e a d   s h e a t h   i s   c o n c e r n e d .  

The  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s ,   t h e r e f o r e ,  

to   p r o v i d e   an  i n s u l a t o r   w h i c h   i s   a p p l i c a b l e   t o  

e x t r e m e l y   h i g h   DC  v o l t a g e s ,   say  up  to  2  MV,  w h i c h   i s  

e a s y   to  i n s t a l l ,   w h i c h   g i v e s   a  good  c o n t r o l   o v e r   t h e  

v o l t a g e   d i s t r i b u t i o n   ( e l e c t r i c a l l y   s p e a k i n g   an  e x t r e m e l y  

" s t i f f "   i n s u l a t o r ) ,   and  w h i c h   is   e a s i l y   a d a p t a b l e   t o  

d i f f e r e n t   i n s u l a t i n g   p u r p o s e s   e . g .   to  d i f f e r e n t   t y p e s  

of  c a b l e s .  

A c c o r d i n g   to  t h e   i n v e n t i o n   in   i t s   b r o a d e s t   a s p e c t  

t h e r e   i s   p r o v i d e d   a  h i g h   v o l t a g e   i n s u l a t o r   d e s i g n e d   t o  

o b t a i n   an  even   d i s t r i b u t i o n   of  t h e   e l e c t r i c   f i e l d  

b e t w e e n   a t   l e a s t   two  c o n d u c t o r s   w i t h   d i f f e r e n t  

e l e c t r i c a l   p o t e n t i a l s ,   w h i c h   i n s u l a t o r   c o m p r i s e s   a t  

l e a s t   two  d i f f e r e n t   c o m p o n e n t s ,   n a m e l y   a  s u b s t a n t i a l l y  



i d e a l   i n s u l a t i n g   body  and  a t   l e a s t   one  h i g h l y   r e s i s t i v e  

( a l s o   c a l l e d   s e m i c o n d u c t i n g )   e l e m e n t   h a v i n g   a  s m a l l  

c r o s s - s e c t i o n a l   a r e a ,   t h e s e   c o m p o n e n t s   b e i n g   c o n n e c t e d  

to  t h e   c o n d u c t o r s ,   c h a r a c t e r i s e d   in   t h a t   t h e   i n s u l a t i n g  

body  a n d / o r   t h e   s e m i c o n d u c t i n g   e l e m e n t ( s )   c o m p r i s e ( s )  

a  f l u i d   ( l i q u i d   or  g a s )   w h i c h   e n h a n c e s   t h e   c o n d u c t i o n  

of  h e a t   f rom  t h e   s e m i c o n d u c t i n g   e l e m e n t ( s ) .  

By  u s i n g   an  i n s u l a t o r   a c c o r d i n g   to  t h e   p r e s e n t  

i n v e n t i o n   t h e r e   is   o b t a i n e d :   a  v e r y   g o o d ,   s m o o t h   a n d  

c o n t r o l l a b l e   v o l t a g e   d i s t r i b u t i o n   o v e r   t h e   i n s u l a t o r ,  

a  s m o o t h   and  e a s i l y   c o n t r o l l a b l e   t e m p e r a t u r e   s u r v e i l l -  

a n c e ,   an  e a s y - t o - m o u n t   and  e a s y - t o - a d a p t   i n s u l a t o r ,   a  

new  d e s i g n   w h i c h   may  be  u s e d   a t   much  h i g h e r   v o l t a g e s  

t h a n   p r e s e n t   s o l u t i o n s ,   as  g e n e r a t e d   h e a t   may  b e  

c o n d u c t e d   o u t   of   t h e   s y s t e m .  

E m b o d i m e n t s   of  t h e   i n v e n t i o n   w i l l   now  be  d e s c r i b e d  

by  way  of  e x a m p l e   w i t h   r e f e r e n c e   to   t h e   a c c o m p a n y i n g  

d r a w i n g s ,   in   w h i c h :  

F i g .   1  shows  t h e   m a i n   p r i n c i p l e   of  t h e   i n v e n t i o n ;  

F i g s .   2-4  show  d i f f e r e n t   e m b o d i m e n t s   of  t h e  

i n v e n t i o n ;  

F i g .   5  shows  a  p r e f e r r e d   s o l u t i o n   f o r   a  p o w e r  
c a b l e   t e r m i n a t i o n   e q u i p m e n t   a c c o r d i n g   to  an  e m b o d i m e n t  

of  t h i s   i n v e n t i o n ,   a n d  

F i g .   6  shows  t h e   a r r a n g e m e n t   f o r   t e s t i n g   a  h i g h  

v o l t a g e   c a b l e   w i t h   an  i n s u l a t o r   a c c o r d i n g   to   a n  

e m b o d i m e n t   of  t h i s   i n v e n t i o n .  

In  F i g .   1,  1  and  2  a r e   two  e l e c t r i c a l   c o n d u c t o r s  

h a v i n g   d i f f e r e n t   p o t e n t i a l s ,   h e r e   d e n o t e d   a s  +   and  - .  

T h e s e   a r e   o n l y   to   be  u n d e r s t o o d   as  r e l a t i v e   v a l u e s ,   a s  

one  of  t h e   c o n d u c t o r s   may  be  g r o u n d e d ,   The  d i s t a n c e   L 

b e t w e e n   t h e   c o n d u c t o r s   m u s t   of  c o u r s e   be  so  l a r g e   t h a t  

a  d i r e c t   f l a s h - o v e r   t h r o u g h   t h e   a m b i e n t   med ium  i s  

a v o i d e d ,  

Each   of  t h e   c o n d u c t o r s   i s   c o n n e c t e d   to  a  c o n n e c t i n g  



member   3  and  4.  T h e s e   c o n n e c t i n g   members   a r e   g o o d  

c o n d u c t o r s ,   p r e f e r a b l y   of  m e t a l s   as  c o p p e r ,   a l u m i n i u m  

or  t h e   l i k e .   They  a r e   h e r e   shown  w i t h   a  s m o o t h ,  

r o u n d e d   o f f   s u r f a c e   to   p r e v e n t   c o r o n a ,  

B e t w e e n   t h e   c o n n e c t i n g   members   is   a r r a n g e d   a n  

i n s u l a t o r   5  a c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n .  

The  i n s u l a t o r   c o m p r i s e s   two  d i f f e r e n t   p o r t i o n s ,  

t h e   i n s u l a t i n g   body   6  and  t h e   h i g h   r e s i s t a n c e   p a t h ( s )   7 

e m b e d d e d   t h e r e i n .   I f   t h e   h i g h   r e s i s t a n c e   p a t h ( s )   w a s  

(were )   n o t   i n c l u d e d ,   t h e   e l e c t r i c a l   f i e l d   w o u l d   h a v e   a  

r a n d o m   d i s t r i b u t i o n   c a u s e d   by  o c c a s i o n a l   d i s t u r b a n c e s .  

When  t h e   h i g h   r e s i s t a n c e   p a t h ( s )   is   ( a r e )   i n c l u d e d   t h i s  

( t h e y )   w i l l ,   h o w e v e r ,   e n s u r e   an  even   f i e l d   d i s t r i b u t i o n  

a l o n g   t h e   i n s u l a t o r .   T h i s  i s   shown  in  F i g .   1  A.  

I f   we  now  s e l e c t   t h e   m a t e r i a l s   in   t h e   i n s u l a t i n g  

body  and  t h e   h i g h   r e s i s t a n c e   p a t h ( s )   as  s o l i d s   o r  

f l u i d s ,   and  a l s o   t r y   to   i n t r o d u c e   a  c o o l i n g   e f f e c t   i n  

t h e   i n s u l a t o r ,   t h e   f o l l o w i n g   p o s s i b i l i t i e s   a r e   p r e s e n t :  

As  t a b l e   s h o w s ;  

I f   b o t h   t h e   i n s u l a t i n g   body  and  t h e   h i g h   r e s i s t a n c e  

p a t h ( s )   (one  or  s e v e r a l )   i s   made  of  a  s o l i d   m a t e r i a l ,   i t  

i s   n e c e s s a r y   to  l e t   t h e   i n s u l a t o r   be  c o o l e d   by  an  o u t s i d e  

a g e n t ,   w h i c h   may  e . g .   be  w a t e r   in  a  c o o l i n g   hood  ( n o t  

shown)   or  s i m p l y   a m b i e n t   a i r   f l o w i n g   a l o n g s i d e   t h e  

i n s u l a t o r ' s   s u r f a c e .   T h i s   i s ,   of  c o u r s e ,   known  t e c h n i q u e .  



I f   h o w e v e r ,   t h e   i n s u l a t i n g   body  6  c o n s i s t s   of  a  

f l u i d   ( e n c l o s e d   in  an  i n s u l a t i n g   h o u s i n g )   w h i l e   t h e  

h i g h   r e s i s t a n c e   p a t h ( s )   7  i s   ( a r e )   b u i l t   up  f rom  s o l i d  

m a t t e r ,   e . g .   t h i n   m e t a l l i c   w i r e s   or   a  m e t a l l i c  

s u b s t r a t e   on  t h e   i n n e r   s u r f a c e   of   t h e   i n s u l a t i n g  

h o u s i n g ,   t h e n   t h e   c o o l i n g   may  be  e f f e c t e d   by  t h e  

i n s u l a t i n g   f l u i d   i t s e l f .   The  i n s u l a t i n g   f l u i d   m a y  

e v e n   c i r c u l a t e   t h r o u g h   an  e x t e r n a l l y   a r r a n g e d   h e a t  

e x c h a n g e r .   Some  d i f f e r e n t   s o l u t i o n s   a r e   p r i n c i p a l l y  

shown  in   F i g s ,   2,  3  and  4  r e s p e c t i v e l y .   Here   t h e  

same  d e s i g n a t i o n   n u m b e r s   a r e   u s e d   as  in   F i g .   1,  b u t  

in   a d d i t i o n   8  is   a  h o u s i n g   of  a  f l u i d   ( l i q u i d   or   g a s )  

i n s u l a t i n g   a g e n t ,   and  9  d e s i g n a t e s   i n s u l a t i n g   c o n d u i t s  

c o n t a i n i n g   a  h i g h   r e s i s t a n c e   f l u i d .  

As  s e e n   in  t h e   T a b l e   I  t h e   i n s u l a t i n g   body   m a y  
be  made  f rom  a  s o l i d   m a t t e r   w h i l e   t h e   h i g h   r e s i s t a n c e  

p a t h   may  c o n s i s t   of  a  f l u i d .   I t   w i l l   be  s e l f -  

e x p l a n a t o r y   how  t h e   i n s u l a t o r   t h e n   a c t s .  

F i n a l l y   b o t h   t h e   i n s u l a t i n g   body  and  t h e   h i g h  

r e s i s t i v e   p a t h   m a t e r i a l   may  be  f l u i d s .   One  or   b o t h  

may  t h e n   be  a c t i v e   as  c o o l i n g   m e d i u m s ,   e i t h e r   in   a  

s y s t e m   w i t h   no  e x t e r n a l   c i r c u l a t i o n ,   t h a t   i s   w i t h  

o n l y   h e a t   e x c h a n g e   and  d i s s i p a t i o n ,   in  t h e   F i g .   1 

e m b o d i m e n t ,   or  w i t h   a  s y s t e m   in  w h i c h   a t   l e a s t   one  o f  

t h e   m e d i u m s   is   c i r c u l a t e d ,   p o s s i b l y   t h r o u g h   a n  

e x t e r n a l l y   a r r a n g e d   h e a t   e x c h a n g e r .   T h i s   i s   shown  i n  

t h e   f i g u r e   2  ( o n l y   i n s u l a t i n g   f l u i d   c i r c u l a t e s   to   t h e  

e x t e r n a l   c o o l i n g   d e v i c e ) ,   F i g .   3  ( o n l y   h i g h - r e s i s t i v e  

f l u i d   c i r c u l a t e s   to  t h e   e x t e r n a l   c o o l e r   and  d e i o n i z e r ) ,  

and  F i g .   4  ( b o t h   f l u i d s   c i r c u l a t e ) .  

A l l   t h e   t h r e e   c o m b i n a t i o n s   m e n t i o n e d   in   t h e  

l o w e r m o s t   l i n e s   in  t a b l e   I  a r e   w i t h i n   t h e   s c o p e   of  t h e  

p r e s e n t   i n v e n t i o n .   H o w e v e r ,   t h e   v e r y   l a s t   e m b o d i m e n t  

i s   b e l i e v e d   to  p r o v i d e   t h e   b e s t   s o l u t i o n ,   and  t h e n  

p r e f e r a b l y   w i t h   a  c l o s e d ,   n o n - c i r c u l a t i n g   i n s u l a t i n g  



a g e n t ,   b u t   w i t h   a  c i r c u l a t i n g  h i g h - r e s i s t i v e   a g e n t   i n  

t h e   t u b e s   9.  T h a t   i s   t h e   p r i n c i p l e   shown  in  F i g .   3 ,  

The  t u b e s   9  may  p r e f e r a b l y   be  of   i n s u l a t i n g   m a t e r i a l ,  

b u t   t h e y   may  t h e n   p r e f e r a b l y   be  b r o k e n   a t   t he   p o i n t   o f  

i n t r u s i o n   i n t o   t h e   c o n n e c t i n g   m e m b e r s   3  and  4.  T h u s  

t h e   h i g h   r e s i s t a n c e   f l u i d   w i l l   be  in  d i r e c t   e l e c t r i c a l  

c o n t a c t   w i t h   t h e   c o n d u c t o r s   1  and  2 .  

I f   an  i n s u l a t o r   a c c o r d i n g   to   t h e s e   p r i n c i p l e s  

is   to  be  u s e d   in   a  t e s t i n g   e q u i p m e n t   f o r   h i g h   v o l t a g e  

power   c a b l e s   h a v i n g   an  o u t e r   s c r e e n ,   i t   may  be  b u i l t  

up  as  shown  in  F i g .   5 .  

The  c a b l e   20  shown  in  t h i s   f i g u r e   may  be  a  s i n g l e  

c o n d u c t o r   power   c a b l e   f o r   DC,  e . g .   w i t h   an  i m p e r v i o u s  

s h e a t h   21  of  Al  or   Pb.  T h i s   m e t a l   s h e a t h   21  i s  

s t r i p p e d   o f f   f o r   a  l e n g t h   L  of  t h e   c a b l e   c o r e ,   w h i c h  

l e n g t h   d e p e n d s   on  t h e   t e s t   v o l t a g e   a p p l i e d   as  m e n t i o n e d  

in   c o n n e c t i o n   w i t h   F i g . l . T h e   e x p o s e d   c a b l e   c o r e   i s   t h e n  

b r o u g h t   i n t o   t h e   t u b e   s h a p e d   i n s u l a t o r   22  a c c o r d i n g   t o  

t h i s   e m b o d i m e n t .  

The  i n s u l a t o r   c o m p r i s e s :   an  o u t e r   i n s u l a t i n g  

h o u s i n g   22,  a  l o w e r   f l a n g e   23,  an  u p p e r   f l a n g e   2 4 ,  

i n s u l a t i n g   t u b e s   25  f o r   a  h i g h l y   r e s i s t i v e   f l u i d .  

To  p r e p a r e   t h e   c a b l e   end  f o r   t e s t i n g   t h e   f o l l o w i n g  

s t e p s   a r e   u n d e r t a k e n .   A l l   t h e s e   s t e p s   a r e   u n d e r t a k e n  

w h i l e   t h e   c a b l e   end  i s   in   a  p r o p e r   w o r k i n g   p o s i t i o n   a n d  

h e i g h t .   The  o u t e r   p r o t e c t i v e   and  s c r e e n i n g   s h e a t h s   a r e  

r e m o v e d   a t   a  l e n g t h   L.  I f   t h e   c a b l e   has   an  i m p r e g n a t e d  

c o r e ,   a  h e a t   s h r i n k i n g   s l e e v e   26  i s   a p p l i e d   o v e r   t h e  

e x p o s e d   c o r e   p o r t i o n ,   The  c a b l e   i n s u l a t i o n   is   n o t  

r e m o v e d   f rom  t h e   c o r e ,   T h i s   p r o c e d u r e   s i m p l i f i e s   t h e  

o p e r a t i o n   c o n s i d e r a b l y   and  a l s o   p r o v i d e s   an  e f f e c t i v e  

s e a l   in  a  s i m p l e   m a n n e r .  A   s e m i c o n d u c t i n g   t a p e   27  i s  

a p p l i e d   b o t h   a t   t h e   c o r e   end  and  a t   t h e   s c r e e n   end  2 8 .  

The  c a b l e   end  is   q u i t e   s i m p l y   b r o u g h t   i n t o   t h e  

i n s u l a t o r   a r r a n g e m e n t ,   so  d e e p l y   t h a t   t h e   s c r e e n   e n d  



b e c o m e s   a l i g n e d   w i t h   t h e   l o w e r   f l a n g e   23  and  t h e   c o r e  

end  b e c o m e s   a l i g n e d   w i t h   t h e   u p p e r   f l a n g e   24,  T h e n  

t he   l o w e r   f l a n g e   23  i s   s e c u r e d   i n  a   s e a l i n g   m a n n e r   t o  

t h e   o u t e r   s c r e e n   of  t h e   c a b l e   a t   28,  and  a l s o   to  t h e  

s e m i c o n d u c t i n g   t a p e   w i n d i n g   27,  e . g .   by  means   of  a  

s h r i n k a b l e   s l e e v e   2 9 .  

The  c a b l e   c o n d u c t o r   30  i s   s e c u r e d   to   t h e   u p p e r  

f l a n g e   24,  and  t h e   s e m i c o n d u c t i n g   w i n d i n g s   27  as  w e l l .  

I f   an  o i l - f i l l e d   c a b l e   i s   c o n s i d e r e d ,   t h e   o i l   c h a n n e l  

31  is   c o n n e c t e d   to  an  o i l   c h a m b e r   to  f e e d   t h e   c a b l e  

end  w i t h   o i l .  

The  i n s u l a t o r   i s   b r o u g h t   i n t o   c o r r e c t   t e s t  

p o s i t i o n   by  l i f t i n g   and  t i l t i n g .  

The  i n t e r i o r   18  of  t h e   h o u s i n g   22  i s  f i l l e d  

w i t h   a  s u i t a b l e   i n s u l a t i n g   f l u i d .   S i l i c o n e   o i l   i s  

p r e f e r r e d   due  to  i t s   n o n - f l a m m a b i l i t y .   SF6  gas  may  

a l s o   be  u s e d   as  a  p r a c t i c a l   f l u i d .  

The  t u b e s   25  a r e   f i l l e d   w i t h   a  h i g h   r e s i s t a n c e  

a g e n t .   P u r i f i e d   and  d e - i o n i z e d   w a t e r   i s   p r e f e r r e d .  

The  t u b e s   25  may  be  c o n n e c t e d   to  an  e x t e r n a l l y   a r r a n g e d  

u n i t   50,  F i g .   6  f o r   c i r c u l a t i n g   t h e   w a t e r   ( v i a   a  p u m p )  

to  c o o l   t h e   w a t e r   (by  means   of  a  h e a t   e x c h a n g e r )   a n d  

f o r   d e - i o n i z i n g   t h e   w a t e r   in  a  d e - i o n i z e r .   T h i s  

e x t e r n a l   u n i t   does   n o t   in   i t s e l f   r e p r e s e n t   a  p a r t   o f  

t h e   i n v e n t i o n .   I t   may  be  m a n u a l l y   c o n t r o l l e d   o r  

a u t o m a t i c a l l y   m o n i t o r e d .   P a r a m e t e r s   w h i c h   may  b e  

c h a n g e d   or  m o n i t o r e d   a r e   v e l o c i t y   of  r e s i s t i v e   a g e n t ,  

t e m p e r a t u r e   of  r e s i s t i v e   a g e n t ,   q u a l i t y   of  r e s i s t i v e  

a g e n t   e t c .   In  a  p r o t o t y p e ,   t h e   f o l l o w i n g   v a l u e s   w e r e  

u s e d ;   6  p i p e s   w i t h   i n t e r n a l   d i a m e t e r   of  13  mm 0  w e r e  

g u i d i n g   d e - i o n i z e d   w a t e r .   The  pump  was  c i r c u l a t i n g  

a p p r o x .   10  1 / m i n .   The  t e s t   v o l t a g e   a p p l i e d   was  1 ,5   MV. 

A  c o n v e n t i o n a l   i o n - e x c h a n g e r   was  u s e d ,  

As  m e n t i o n e d   a b o v e ,   t h e   i n s u l a t i n g   a g e n t   m a y  

a l s o   be  c i r c u l a t e d   or   i t s   q u a l i t y   may  be  m o n i t o r e d ,  



But  in  t h i s   p r e f e r r e d   e m b o d i m e n t   t h e   i n s u l a t i n g   a g e n t  

is   n o t   c i r c u l a t i n g .  

The  c o n n e c t i o n   to  h i g h   t e s t   v o l t a g e s   is   f i n a l l y  

o b t a i n e d   in   a  c o n v e n t i o n a l   m a n n e r ,   e . g .   s c r e e n e d   by  a  

c o n d u c t i n g   t o r o i d   33  to  r e d u c e   c o r o n a .  

The  m o u n t i n g   of  a  t e s t   a r r a n g e m e n t   a c c o r d i n g   t o  

t h e   p r e s e n t   i n v e n t i o n   may  e a s i l y   be  f i n i s h e d   in   a  f e w  

h o u r s ,   and  i t   may  be  u n d e r t a k e n   in   a  c o r n e r   of  t h e  

t e s t   s i t e .   I f   t h e   c a b l e   end  t o g e t h e r   w i t h   t h e  

i n s u l a t o r   i s   a r r a n g e d   on  a  c a r r i a g e   w i t h   a d j u s t a b l e  

h e i g h t   and  a d j u s t a b l e   t i l t i n g ,   a  v e r y   c o n v e n i e n t   p l a n t  

i s   o b t a i n e d .  

In  F i g .   5  some  f u r t h e r   d e t a i l s   of  t h e   i n s u l a t o r  

a r e   shown .   The  b r a n c h e d   t u b e   32  is   an  i n p u t   m a n i f o l d  

f o r   t h e   h i g h - r e s i s t i v e   f l u i d   w h i c h   p a s s e s   t h r o u g h   t h e  

t u b e ( s )   2 5 ( p r e f e r a b l y   t h r e e   p a r a l l e l   t u b e s )   up  to  a n  

u p p e r   m a n i f o l d   s e c t i o n   36.  Here   t h e   f l u i d   i s   d i s t r i b u t e d  

and  p a s s e s   b a c k   to  t h e   l o w e r   f l a n g e   23  t h r o u g h   t h e  

u p p e r   t u b e ( s )   25  ( p r e f e r a b l y   a l s o   t h r e e   p a r a l l e l   t u b e s ) .  

F i n a l l y   t h e   h i g h   r e s i s t a n c e   f l u i d   l e a v e s   t h e   i n s u l a t o r  

t h r o u g h   m a n i f o l d   40,  and  p a s s e s   to  an  e x t e r n a l   p u m p ,  
d e - i o n i z e r   and  p u r i f i e r   u n i t   (50,   F i g .   6 ) .  

D i s t a n c e   r i n g s   41,  42  a r e   a r r a n g e d   a t   i n t e r v a l s  

to   k e e p   t h e   t u b e ( s )   25  in  p o s i t i o n .  

The  m a n i f o l d s   32,  36,  40  a r e   made  f rom  m e t a l  

and  t h u s   t h e   f l u i d   has   d i r e c t   c o n t a c t   w i t h   t h e i r   i n t e r n a l  

w a l l s .   The  m a n i f o l d s   a r e   a l s o   e l e c t r i c a l l y   c o n n e c t e d  

to   t h e   f l a n g e s   (23,  24,   F i g .   5 ) ,  

In  F i g .   6  t h e   c a b l e   end  w i t h   an  i n s u l a t o r   b o x  

a c c o r d i n g   to  t h i s   i n v e n t i o n   i s   a r r a n g e d   on  an  a d j u s t a b l e  

f r a m e w o r k   43.  The  m o u n t i n g   i s   u n d e r t a k e n   when  t h e   c a b l e  

end  i s   in   i t s   l o w e r   p o s i t i o n ,   and  when  t e s t i n g   i s   to  b e  

u n d e r t a k e n   t h e   f r a m e w o r k   l i f t s   and  t i l t s   t h e   c a b l e   e n d  

to  i t s   u p p e r   p o s i t i o n   in  w h i c h   t h e   t e s t   i s   u n d e r t a k e n ,  

T h i s   e q u i p m e n t   i s   p a r t i c u l a r l y   s u i t a b l e   f o r   t e s t  



p u r p o s e s .   A  t e s t   t e r m i n a t i o n   a c c o r d i n g   to  t h e   p r e s e n t  

i n v e n t i o n   i s   e a s y   to  m o u n t / d e m o u n t   and  e a s y   to   a d j u s t  

to  d i f f e r e n t   t e s t   p a r a m e t e r s .   A  t e s t   t e r m i n a t i o n   i s  

a r r a n g e d   as  a  r u l e   a t   i n d o o r   l o c a t i o n s   w h e r e   t h e  

d i f f e r e n t   p a r a m e t e r s   a r e   e a s y   to   a d j u s t .   H o w e v e r ,  

some  e m b o d i m e n t s   of   t h i s   i n v e n t i o n   may  a l s o   be  s u i t e d  

f o r   f i e l d   a p p l i c a t i o n .  

By  a d j u s t i n g   t h e   t e m p e r a t u r e   of  t h e   d e - i o n i z e d  

w a t e r ,   t h e   r e s i s t i v i t y   is   a l s o   a d j u s t e d .   But  t h e   p i p e  

d i m e n s i o n s   may  a l s o   be  a l t e r e d   to   a d a p t   t h e   t e s t  

t e r m i n a t i o n   to  o t h e r   v o l t a g e s .  

The  i n s u l a t i n g   d e v i c e   may,  i f   d e s i r e d ,   be  b u i l t  

up  f rom  t r a n s p a r e n t   m a t e r i a l s   and  t h u s   t h e   i n t e r i o r   o f  

t h e   i n s u l a t o r   may  be  v i s u a l l y   s u p e r v i s e d   d u r i n g   t h e  

p r o c e s s .  

D i s t a n c e   r i n g s   41,  42  as  shown  in   F i g .   5,  a r e  

n o t   a l w a y s   n e c e s s a r y ,   o n l y   i f   t h e   s t r i p p e d   c a b l e   c o r e  

p o r t i o n   has   to  be  e x t r e m e l y   l o n g   due  to   h i g h   t e s t  

v o l t a g e s .   H o w e v e r ,   o t h e r   s o l u t i o n s   may  be  u s e d   a s  

w e l l ,   e . g .   a  h o l l o w ,   d o u b l e   w a l l e d   s h e a t h   or  t h e   l i k e .  

The  o n l y   e s s e n t i a l   f a c t o r   is   t h a t   s t r i n g s   or  s t r e a m s  

of  h i g h l y   r e s i s t i v e   f l u i d   a r e   g u i d e d   a l o n g s i d e   t h e  

c o n d u c t o r   in  t h e   i n t e r i o r   of  t h e   i n s u l a t o r .   The  h i g h l y  

r e s i s t i v e   f l u i d   may  o n l y   c i r c u l a t e   i n t e r n a l l y   in   a  

c l o s e d   t u b e   s y s t e m ,   e i t h e r   due  to  t h e r m a l   c h a n g e s   o r  

due  to  an  a c t i v e   pump.  H o w e v e r ,   t h e   f l u i d   may  a l s o  

o n l y   f l o w   t h r o u g h   t h e   s y s t e m   to  an  e x h a u s t   o u t p u t .  

The  n u m b e r   of  t h e   t u b e s   or   p i p e s   w i t h   h i g h l y   r e s i s t i v e  

f l u i d   i s   n o t   c r i t i c a l .   I t   is   a s s u m e d   t h a t   t h e   d i s t a n c e  

b e t w e e n   two  a d j a c e n t   t u b e s   s h o u l d   p r e f e r a b l y   b e  

i n v e r s e l y   p r o p o r t i o n e d   to   t h e   e l e c t r i c a l   f i e l d   s t r e n g t h .  

In  t h e   shown  c a b l e   t e s t   a p p l i c a t i o n   t h e r e f o r e   t h e  

d i s t a n c e   i s   c o n s t a n t   as  t h e   f i e l d   s t r e n g t h   i s   c o n s t a n t  

in   e a c h   c r o s s - s e c t i o n ,  



I f  t h e   h i g h l y - r e s i s t i v e   f l u i d   is   w a t e r   a s  

s u g g e s t e d ,   t h e   c o n d u c t i v i t y   may  be  a d j u s t e d   by  a d d i n g  

d i f f e r e n t   a d d i t i v e s ,   or   by  a d j u s t i n g   t h e   t e m p e r a t u r e .  

Thus  t h e   same  d i m e n s i o n s   may  be  u s e d   in   t h e   e q u i p m e n t  

f o r   r a t h e r   d i f f e r e n t   v o l t a g e s .  



1.  High  v o l t a g e   i n s u l a t o r   (5)  d e s i g n e d   t o  

o b t a i n   an  even   d i s t r i b u t i o n   of   t h e   e l e c t r i c   f i e l d  

b e t w e e n   a t   l e a s t   two  c o n d u c t o r s   (1,  2)  w i t h   d i f f e r e n t  

e l e c t r i c a l   p o t e n t i a l s ,   w h i c h   i n s u l a t o r   (5)  c o m p r i s e s  

a t   l e a s t   two  d i f f e r e n t   c o m p o n e n t s ,   n a m e l y   a  

s u b s t a n t i a l l y   i d e a l   i n s u l a t i n g   body  (6)  and  a t   l e a s t  

one  h i g h l y   r e s i s t i v e   ( a l s o   c a l l e d   s e m i c o n d u c t i n g )  

e l e m e n t   (7)  h a v i n g   a  s m a l l   c r o s s   s e c t i o n a l   a r e a ,  
t h e s e   c o m p o n e n t s   (6,  7)  b e i n g   c o n n e c t e d   to   t h e  

c o n d u c t o r s ,   c h a r a c t e r i s e d   in   t h a t   t h e   i n s u l a t i n g   b o d y  

(6)  a n d / o r   t h e   s e m i c o n d u c t i n g   e l e m e n t ( s )   (7)  c o m p r i s e ( s )  

a  f l u i d   ( l i q u i d   or   gas )   w h i c h   e n h a n c e s   t h e   c o n d u c t i o n  

of   h e a t   f rom  t h e   s e m i c o n d u c t i n g   e l e m e n t ( s ) .  

2.  High  v o l t a g e   i n s u l a t o r   a c c o r d i n g   to   c l a i m   1 ,  

c h a r a c t e r i s e d   in  t h a t   t h e   i n s u l a t i n g   body   (6)  c o n s i s t s  

of  an  e n c a p s u l a t e d   i n s u l a t i n g   f l u i d   w h i l e   t h e   s e m i -  

c o n d u c t i n g   e l e m e n t ( s )   (7)  c o n s i s t ( s )   of  s t r i n g ( s )  

a n d / o r   s h e a t h ( s )   of  a  s o l i d   s e m i c o n d u c t i n g   m a t e r i a l .  

3.  High  v o l t a g e   i n s u l a t o r   a c c o r d i n g   to   c l a i m   1 

or  2,  c h a r a c t e r i s e d   in  t h a t   t h e   i n s u l a t i n g   body  (6)  may  
be  e i t h e r   an  i n s u l a t i n g   f l u i d ,   an  i n s u l a t i n g   gas   or  a n  

i n s u l a t i n g   s o l i d ,   w h i l e   t h e   s e m i c o n d u c t i n g   e l e m e n t ( s )  

(7)  c o n s i s t ( s )   of  a  h i g h   r e s i s t a n c e   f l u i d ,   p o s s i b l y  

a r r a n g e d   w i t h i n   i n s u l a t i n g   p i p e s   (9)  or   (a)  d o u b l e  

w a l l e d   s h e a t h ( s )   a r r a n g e d   in   t h e   i n t e r i o r   of   t h e  

i n s u l a t i n g   b o d y .  

4.  High  v o l t a g e   i n s u l a t o r   a c c o r d i n g   to   c l a i m   1 ,  

2  or  3,  and  in   p a r t i c u l a r   d e s i g n e d   to  be  u s e d   in   a  

t e s t   t e r m i n a t i o n   e q u i p m e n t   f o r   a  h i g h   v o l t a g e   c a b l e   ( 2 0 ) ,  

p r o v i d e d   w i t h   a t   l e a s t   one  a x i a l l y   a r r a n g e d   c o n d u c t o r  

in   t h e   c o r e   and  a t   l e a s t   one  o u t e r ,   c o n d u c t i n g   s h e a t h ,  

e . g .   an  i m p e r v i o u s   l e a d   s h e a t h   ( 2 1 ) ,   w h i c h   c a b l e  

d u r i n g   a  t e s t   p r o c e d u r e   i s   p r o v i d e d   w i t h   a  v e r y   h i g h  

t e s t   p o t e n t i a l   d i f f e r e n c e   b e t w e e n   t h e   c o n d u c t o r ( s )   a n d  



t h e   c o n d u c t i n g   s h e a t h ,   and  in   w h i c h   t h e   c o n d u c t i n g  

s h e a t h ( s )   b e f o r e   t h e   t e s t   p r o c e d u r e   i s   ( a r e )   s t r i p p e d  

o f f   f rom  t h e   c a b l e   end  so  t h a t   a  c e r t a i n   l e n g t h   (L) 

of   t h e   c a b l e   c o r e   i s   e x p o s e d ,   c h a r a c t e r i s e d   in   t h a t  

t h e   i n s u l a t o r   c o m p r i s e s   an  o v e r s i z e d   h o l l o w   i n s u l a t i n g  

body  (22)  a d a p t e d   to   be  a r r a n g e d   a r o u n d   t h e   e x p o s e d  

p o r t i o n   of   t h e   c a b l e   c o r e ,   a t   l e a s t   one   s e m i c o n d u c t i n g  

e l e m e n t   (25)  ( s t r i n g   or  s h e a t h )   e m b e d d e d   in  s a i d  

i n s u l a t i n g   b o d y ,   a  c o n d u c t i n g   f l a n g e   (23,  24)  a r r a n g e d  

a t   e a c h   end  of  t h e   h o l l o w   i n s u l a t i n g   b o d y ,   e a c h   f l a n g e  

(23,  24)  b e i n g   e l e c t r i c a l l y   c o n n e c t e d   to  t h e   s e m i -  

c o n d u c t i n g   e l e m e n t ( s )   and  a l s o   to  t h e   c o n d u c t i n g   s h e a t h  

end  (28)  and  to   t h e   c o n d u c t o r   end  ( 3 0 ) ,   r e s p e c t i v e l y .  

5.  High   v o l t a g e   i n s u l a t o r   a c c o r d i n g   to   c l a i m   4 ,  

c h a r a c t e r i s e d   in   t h a t   t h e   i n s u l a t i n g   body   c o m p r i s e s   a n  

o u t e r   i n s u l a t i n g   o v e r s i z e d   t u b e   (22)  a r r a n g e d   a r o u n d   t h e  

e x p o s e d   c a b l e   c o r e   ( 1 9 ) ,   l e a v i n g   a  c o n s i d e r a b l e   s p a c e  
b e t w e e n   t h e   c a b l e   c o r e   and  t h e   i n t e r n a l   s u r f a c e   of  t h e  

o v e r s i z e d   t u b e ,   and  t h a t   t h i s   s p a c e   i s   f i l l e d   w i t h   a n  

i n s u l a t i n g   f l u i d   ( 1 8 ) ,   p r e f e r a b l y   a  n o n - f l a m m a b l e   f l u i d  

s u c h   as  s i l i c o n e   o i l   or  SF6  g a s ,   and  t h a t   t h e   s e m i -  

c o n d u c t i n g   e l e m e n t ( s )   (25)  i s   ( a r e )   a r r a n g e d   in   t h e  

s p a c e   and  a t , , e a c h   end  i s   ( a r e )   e l e c t r i c a l l y   c o n n e c t e d  

to  t h e   f l a n g e s .  

6.  High  v o l t a g e  i n s u l a t o r   a c c o r d i n g   to  c l a i m   4 

or  5,  c h a r a c t e r i s e d   in   t h a t   t h e   s e m i c o n d u c t i n g   e l e m e n t ( s )  

i s   ( a r e )   (a)  f l u i d   c o n t a i n e d   in   a t   l e a s t   one  i n s u l a t i n g  

or  i n t o   a  c o a x i a l l y   a r r a n g e d   d o u b l e   w a l l e d   t u b e .  

7.  High  v o l t a g e   i n s u l a t o r   a c c o r d i n g   to   c l a i m   3 ,  

c h a r a c t e r i s e d   in   t h a t   t h e   f l u i d   w h i c h   makes   up  t h e  

s e m i c o n d u c t i n g   e l e m e n t ( s )   ( 2 5 )  i s   c i r c u l a t i n g   in   t h e  

p i p e ( s )   or   t u b e ( s )   and  p r e f e r a b l y   a l s o   t h r o u g h   o p e n i n g s  

or  c h a n n e l s   a r r a n g e d   in  t h e   c o n d u c t i n g   f l a n g e s .  

8.  High  v o l t a g e   i n s u l a t o r   a c c o r d i n g   to  c l a i m   6 

or  7,  c h a r a c t e r i s e d   in   t h a t   t h e   f l u i d   w h i c h   makes   u p  



t h e   s e m i c o n d u c t i n g   e l e m e n t ( s )   i s   p u r e ,   d e - i o n i z e d  

w a t e r   c i r c u l a t i n g   in  a  c l o s e d   s y s t e m   i n c o r p o r a t i n g   a  

d e - i o n i z e r   and  a  h e a t   e x c h a n g e r   and  a  p u m p .  
9.  High  v o l t a g e   i n s u l a t o r   a c c o r d i n g   to  c l a i m   6 ,  

7  or  8,  c h a r a c t e r i s e d   in   t h a t   t h e   c i r c u l a t i n g   f l u i d  

e n t e r s   and  l e a v e s   t he   i n s u l a t o r   t h r o u g h   o p e n i n g s   i n  

t h e   same  f l a n g e   ( 2 3 ) ,   p r e f e r a b l y   t h e   f l a n g e   w h i c h   l i e s  

a t   t h e   l o w e r   e l e c t r i c a l   p o t e n t i a l ,   w h i l e   t h e   o t h e r  

f l a n g e   (24)  i s   d e s i g n e d   as  a  m a n i f o l d   f o r   d i s t r i b u t i n g  

and  r e t u r n i n g   t h e   f l u i d   f l o w .  

10.  High  v o l t a g e   i n s u l a t o r   a c c o r d i n g   to  c l a i m   6 ,  

7,  8,  or   9,  c h a r a c t e r i s e d   in   t h a t   t h e   t u b e ( s )   o r  

p i p e ( s )   f o r   t h e   f l u i d   s e m i c o n d u c t i n g   med ium  i s   ( a r e )  

i n t e r c h a n g e a b l e   w i t h   t u b e s   or  p i p e s   h a v i n g   o t h e r  

d i m e n s i o n s .  

11.  High  v o l t a g e   i n s u l a t o r   a c c o r d i n g   to   a n y  o n e  

of  c l a i m s   4 - 1 0 ,   c h a r a c t e r i s e d   in   t h a t   t h e   s e m i c o n d u c t i n g  

e l e m e n t s   (7,  25)  a r e   e v e n l y   d i s t r i b u t e d   a l o n g   t h e  

c i r c u m f e r e n c e   of  t h e   c a b l e   c o r e   (19)  or   o v e r   t h e   a r e a  

of  t h e   i n s u l a t o r   ( 6 ) .  

12.  High  v o l t a g e   i n s u l a t o r   a c c o r d i n g   to   a n y  o n e  
of  c l a i m s   4 - 1 1 ,   c h a r a c t e r i s e d   in   t h a t   t h e   s e m i c o n d u c t i n g  

medium  i s   m o n i t o r e d   and  c o n t r o l l e d   to  m a i n t a i n   a  p r e -  
d e t e r m i n e d   t e m p e r a t u r e   r a n g e .  

13.  High  v o l t a g e   i n s u l a t o r   a c c o r d i n g   to   a n y  o n e  
of   c l a i m s   4 - 1 2 ,   and  w h e r e   t h e   i n s u l a t i n g   body  c o m p r i s e s  

an  i n s u l a t i n g   f l u i d ,   c h a r a c t e r i s e d   in   t h a t   t h e   f l u i d   i s  

a r r a n g e d   b e t w e e n   an  o u t e r ,   h o l l o w ,   i n s u l a t i n g   t u b e   a n d  

an  i n n e r ,   s h r i n k a b l e ,   i n s u l a t i n g   h o s e ,   s h r u n k   d i r e c t l y  

o n t o   t h e   c a b l e   i n s u l a t o r ,   and  t h a t   a  s e a l i n g   g a s k e t  

j o i n s   t h e   t u b e   and  t h e   h o s e   a t   l e a s t   a t   t h e   l o w e r   e n d  

of   t h e   s t r i p p e d   o f f   c a b l e   p o r t i o n ,  

14,  High  v o l t a g e   i n s u l a t o r   s u b s t a n t i a l l y   a s  

d e s c r i b e d   w i t h   r e f e r e n c e   to  t h e   a c c o m p a n y i n g   d r a w i n g s .  
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